Abstract. G-Lite is a Grid middleware, currently the main middleware installed on all clusters in Bulgaria. The middleware is used by scientists for solving problems, which require a large amount of storage and computational resources. On the other hand, the scientists work with complex processes, where job execution in Grid is just a step of the process. That is why, it is strategically important g-Lite to provide a mechanism for service compositions and business process management. Such mechanism is not specified yet. In this article we propose a framework for service composition in g-Lite. We discuss business process modeling, deployment and execution in this Grid environment. The examples used to demonstrate the concept are based on some IBM products.
design, execution, and monitoring of the process. This technology is often used in organizations to solve problems with system integration. Using this technology the user can achieve better understanding and better management of the business processes. Investigating the concept of business process management into Grid is a task that is not researched yet. It is strategically important, g-Lite to provide mechanism for business process management. The scientists that use g-Lite environment work with complex business processes. Investigating a framework for business process management will provide them availability for managing their business processes, without IT knowledge and will allow them to focus on the essence of their processes. In this article we overview the concept for service composition and investigate a framework for business process management in g-Lite.
SERVICE COMPOSITION
The service composition is the ability of building composition from services. The service is a main building block of an architectural model known as service-oriented architecture (SOA) [9] . SOA is style of building systems and applications. In [9] the author defines principles of service-orientation that claim the rules which systems and applications have to follow in order to by service-oriented. One of these principles is exactly the service composability.
The ability of making composition is important, especially in the development of large applications because this is the principle which guarantees that the services can be part of a composition. The composition itself is also a service. The process of building composition can be recursive. It can include existing services or compositions of services. According [10] , there are two models for composing services: orchestration and choreography ( Figure 1 ).
FIGURE 1. Orchestration and choreography
The orchestration is a composition with centralized control. A service coordinator controls all the composite services -the sequence of execution and the operation that have to be performed. The coordinator also is a service, so it can interact with other services. The choreography is a composition with coordination. There is no centralized control. Instead, all services from composition share the control. They cooperate with one another in order to achieve the final goal. Each service has information for the other services from composition.
In [11] , authors present a generic architecture for service composition tools. According to them, from architectural point of view, a tool environment for service composition should provide at least two modules: design module and runtime environment.
The design module provides a graphical user interface for specifying composite services. It also may support translation of a composite service design into a description language or tools for automated verification and simulation of composite service designs. The runtime environment provides functionality for execution of a composite service and messages routing between its components. It can also provide monitoring and exception handling functionality or additionally support dynamic service selection and binding.
According to the authors a composite service can be linked in two manners: static or dynamic. Static service selection is established at design time and cannot be changed without modifying the design of the composite service. In dynamic service selection a mechanism selects, at runtime, the actual service that will be invoked to perform a given step in the composite service execution.
Why service composition is so important? In SOA, building composition provides opportunity for building more complex and at the same time more flexible and agile applications. Moreover, the concepts of composition as a service allow this service to be invoked and to interact with other services from the architecture. Service composition also is a way for realizing business processes.
TECHNOLOGIES FOR SERVICE COMPOSITIONS
The business process [12] is a set of one or more linked activities which collectively realize a business goal. A business process may consist of automated activities or manual activities. Known technologies for service composition are Workflow Management and Business Process Management.
Workflow Management (WFM) is defined in specifications of WFM Coalition [12] . According to that specification the workflow is automation of a business process in whole or part, during which documents, information or tasks are passed from one participant to another for action, according to a set of procedural rules. The system that defines, creates and manages the execution of workflows through the use of software is called WFM system. As we mentioned a business process may consist of automated activities. They can be managed by WFM system. The manual activities lie outside the scope of the system.
The business process is not only a sequence of activities. It may include people, application, information or other resources from organization. While WFM systems concern only the automated part of the process, Business Process Management covers manual activities and optimization of the processes as well.
Business Process Management (BPM) is relatively new approach that becomes world spread in the last few years. It supports business processes "using methods, techniques, and software to design, enact, control, and analyze operational processes involving humans, organizations, applications, documents and other sources of information" [13] .
The business process development is continues action which has a life cycle. In [13] the authors define the life cycle of a process in four phases: design, configuration, enactment and diagnostic. In the first phase -the process design phase, the process is modeled graphically. In the second phase -system configuration, the BPM system is configured. In the third phase -process enactment, the model of the process is deployed into BPM system. Finally, in the last phasediagnostic, the BPM system provides analysis and monitoring tools for process optimization.
On the base of the lifecycle of the process, the authors defined and the basic differences between WFM systems and BPM systems. Some WFM systems do not provide tools for verification and validation of the process. Moreover, WFM systems do not provide tools for process diagnostic. As we mentioned, the development of the process is continuous task that presents a cycle. The process can be improved and optimized on the base of gathered information during the all four phases. With WFM systems this cannot be done. WFM systems are used mainly for execution of the automated part of the business processes. They are viewed as predecessors of the BPM systems.
We can conclude that WFM systems concern only the control and execution of a business processes. On the contrary BPM involve not only the system that automates the process, but the people and information related with it. That is why in our research we are interested in applying BPM in Grid environment.
IBM SOA FOUNDATION
A set of technologies that realizes the concept of BPM and the architectural model of SOA is IBM SOA Foundation [14] . It encompasses tools, programming model, methodologies, and techniques for implementing design and the middleware infrastructure for hosting that implementation. The SOA Foundation is not only a set of technologies it is also a set of practices that address all SOA features, such as flexibility, easier integration, and reuse.
The SOA approach breaks down the underlying software and information technology into reusable components (services). These services can be combined and recombined into complex processes. The functional decomposition of the architecture is presented by SOA life cycle [15] . It includes four phases: model, assemble, deploy, and manage ( Figure 2) . During the modeling phase the requirements are specified and the processes are designed. An example of a tool for business process modeling in IBM SOA Foundation is IBM WebSphere Business Modeler. In the assemble phase, processes are developed, assembled, and tested in integration environment. This environment provides services for transport and mediation and control capabilities for flow management and services interactions. An example of a tool for workflow management, data modeling, and system interactions in IBM SOA Foundation is IBM WebSphere Integration Developer.
In the deployment phase are integrated people, process, and information. The management phase monitors applications and services. IBM WebSphere Business Monitor is an example of a tool for business monitoring in IBM SOA Foundation. Governance and best practices support the life cycle through the use of information technology alignment and process control. A service registry that allows users to manage SOA life cycle from development through deployment is IBM WebSphere Service Registry and Repository.
In [16] we present an approach for developing a business processes in Grid based on SOA lifecycle of IBM SOA Foundation. The framework we introduce in the next section is a generalization of this approach.
FRAMEWORK FOR SERVICE COMPOSITION IN G-LITE
We adopted the presented generic architecture for service composition tools by [11] and the concepts introduced in IBM SOA Foundation to build a framework for service composition in g-Lite.
The architecture of the framework we present is consisting of the following main modules: development module, runtime environment, and service registry. On the figure bellow (Figure 3) , we present the modules in details and the relationship between them and the services in g-Lite Grid environment.
The development module concerns definition and business process management during design, assemble and management phase of SOA life cycle. Usually, the development module is outside the Grid environment. This module provides functionality for the design of the business process. The GUI component specifies composite services. Usually, it is located on the desktop computer of the Grid user or can be accessed by Web interface. It provides a tool for business process modeling. The implementation of the tool can support standard notations for business process modeling like BPMN standard.
The Verification component is used for formal verification of designed business process. Usually this component is integrated with the GUI component. The Simulation component provides functionality for business process simulation on specific parameters. Thus, the user can change a task from the process on the base of gathered statistics from the simulation.
The Validation and Translation components provide functionality for validation of the process and functionality for translation of the designed business process to specified executable language. The Development module can also provide to the Grid user and functionality for deployment of the designed process, described by BPEL, directly on the execution service of the runtime environment module, without need of IT knowledge.
The Business Process Management GUI component provides GUI interface for starting or stopping the business process and getting the output when the process is ended. We have to mention that for the realization of the Development module different technologies can be used. The realization also can include all components of the module as one tool or all components can be different tools. Important for successful realization of these tools is the functionality for integration with service registry and the support of standard business process execution language, like BPEL.
The runtime environment module consists of a set of services that provides functionality for business process execution. Usually, these services are specialized as process servers. The process server executes service compositions described by BPEL. It has to be in Grid environment -physically distributed into the infrastructure but logically accessed by the name. As a service, the process server can be registered into registry and invoked as any other service. The process server is an engine that can interpret and execute the designed business process, described by business process execution language. It has to be directly accesses by the user as a service.
Unfortunately, currently g-Lite is partially service-oriented. That is why at the moment, process server cannot be part of the Grid environment. As a Grid resource, the process server has to be certified and accessible only in secure manner. In our realization of the framework we used IBM Process server as executing service, outside the grid environment.
Other components of the runtime environment module are services for monitoring of the business process, for exception handling and for rule management. The service for rule management provides functionalities that allow a dynamic change of the business rules for the process, without the need the process to be redesigned or redeployed on the process server. Other important feature of the Development module is to provide functionality for business process development where the process is deployed on a test process server into emulated g-Lite Grid environment.
The presented modules for development and for runtime environment can discover services in the service registry. Service selection can be static or dynamic. Service registry is a module inside the Grid. It supports service discovery and service registration. The service registry is also a service. It can be invoked by applications or service-consumers. As a part of the grid infrastructure this service can be accessed in secure manner and the service itself has to be certified for the Grid. Meaning, that the service has a certificate and the user or application that access it also have Grid certificates. The implementation of the registry has to support the standard UDDI. G-Lite is a Grid middleware, which is dependable from operating system. The commands for Grid access require knowledge of specific operating system -Scientific Linux 5. The execution of a simple job requires knowledge of specific language for job description. Thus, the usage of the middleware is not convenient for the end user. Figure 4 shows a modeled and developed business process which invokes services by using Grid resources. The examples used to demonstrate the concept are based on specific IBM products.
CONCLUSION
The scientists use g-Lite for solving problems that require computational power and storage resources. They work with complex processes that need to be managed, design, and optimized continuously. In this article we presented architecture of a framework for service composition in g-Lite Grid environment. The presented framework, allows Grid user to define and execute business processes in Grid.
